Noise-free and enlarged P loops of the Frank lead system were obtained from 164 normal Japanese males and 137 females (mean age: 34.4 and 33.2 years, respectively) with computer-averaging technique of 8 consecutive beats. Automated measurements concerning 17 parameters of the P loop (P durations, magnitudes, and directions of 3 planar, spatial maximal, and mean polar P vector) were carried out. At the same time, sex and age differences were statistically analyzed.
I. Sex differences Significant sex differences were found in 5 items in the first age group (20-29 years), 3 items in the second (30-39 years), and 7 items in the third (40-49 years).
II. Age differences
In males, the effect of aging was observed in 5 parameters out of 17, in time durations extended and maximal vectors displaced posteriorly. In females, changes with advancing age were observed in 13 items out of 17, thus leaving only 4-parameter, including frontal maximal P vectors and directions of mean polar P vectors as unaffected.
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Normal P loop Frank-lead vectorcardiogram Sex difference Age difference ARIOUS studies have been reported on the normal values and ranges of the P loop in the Frank lead vectorcardiogram (VCG) of Japanese as well as European and American populations. 2)-5) Despite the general agreement, however, that pertinent information on sex and age differences is essential for a proper VCG diagnosis, very few, if any, detailed reports1),4) in this connection have been published.
The purpose of this study is to establish a basis for diagnostic standards of P loop measurements in the Frank VCG for different age groups and sex.
SUBJECTS AND METHODS
The material of the present study consisted of 164 normal males and 137 normal females, varying in age from 24 to 49 years (mean age: 34.3 and 33.2 years, respectively). Most of them were employees of various companies where health control was carefully practiced, and the rest was staff members of the Nagoya University Hospital. All satisfied the following requirements.
1) Maintaining health and free from cardiovascular and/or related diseases, past and present. Table I .
Age and Sex Distributions of Subjects where subscribed X-, Y-, and Z-symbols are the digitized values of the respective lead samples. Means, standard deviations, and 95% ranges were calculated by sex and age (20-29, 30-39, 40-49) concerning these parameters of the P loop of the vectorcardiogram. Statistical analysis of the difference in means and distribution between the male and female groups of corresponding ages was conducted to determine any sex differences in each item of measurement. Moreover , similar analyses were made between 2 given groups of 3 male groups to determine any differences by age among male adults. The female sample was examined similarly , as well.
RESULTS
I. Sex differences 1. P duration (Table II) No significant difference by sex was observed in any of the age groups . 2. Peak times of maximal P vectors in 3 projection planes (Table III) The mean of the peak times of the maximal P vectors in the frontal plane of the subjects in their 20's and 40's was prolonged in men, with a YOKOTA, ET AL. Jap. Heart J. January, 1977 significant difference (p<0.05) between the sexes. 3. Magnitudes of maximal P vectors in 3 projection planes (Table IV) The means of the maximal horizontal P vector magnitudes of the subjects in their 20's was 0.056 mV in men and 0.049 mV in women, thus showing Table II . Means. Standard Deviations, and 95% Ranges of P Durations Note: The following symbols are used in Table II-VII. On the basis of t-test of mean differences, a significant age difference is present between means connected by a fine horizontal line (p<0.05), and by a thick horizontal line (p<0.01).
The symbols (*p<0.05, and **p<0.01) indicate the level of sex differences. Note: See the note of Table II .
The mean values of the 3 female groups in ascending age order were 0.00224 mV2, 0.00318 mV2, and 0.00443 mV2, showing a highly significant difference between any given pair out of these 3 groups. Men also showed a tendency toward greater values with age, but not sufficient to establish significant difference by age. 9. Directions of mean polar P vector (Table VII) Although the mean azimuths of the male subjects in their 30's were significantly more posterior than those of the other 2 age groups, the 3 groups showed almost negligible difference in elevation. Females showed no significant difference in either azimuth or elevation.
DISCUSSION
Very few, if any, reports have been made on sex and/or age differences of the P loop in the Frank lead VCG in Japan,1) Europe, and America.4) This is partly because major interest in VCG research has been focussed on the variations of such ventricular complexes as QRS and T loops, and partly because of the technical difficulties involved. P loop signals, with a generally Vol. 18 No. 1
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far lower voltage than QRS and T loops, require large amplification for detailed analyses. While the amplification of the wave form itself has been made relatively easy lately, the problem still remains in eliminating the noise from electromyograms and lead cables which is simultaneously amplified. Installing analog or digital filters,14) in limited numbers, may suggest a way out of the problem, but it cannot be denied that the filters somewhat distort the original wave form. With the recent advances in computer technology, it has become common practice to employ the averaging, or summation technique15) which makes possible the detection of small signals even in the presence of interference from undesirable noise.16)-19) Brody et al18) and Selvester et al19) have reported that they used this technique to eliminate the noise in P waves and loops to successfully observe P waves composed of comparatively high frequency components such as notches20) on P loops. In the present study, a P wave area was summed-up over 8 consecutive beats by a small digital computer to eliminate noise, which enabled us to obtain loops with a satisfactory S/N ratio and to observe notches.6)-9) The followings are the physiological factors21),22) generally considered as affecting the P vector. First and foremost are the effects of respiration. Deep inspiration veers the P vector rightward and inferiorly and increases it, while deep expiration results in the decrease of the P vector. Next comes the influence of the autonomic nervous system. While the P vector increases when the sympathetic nerves are tense, it decreases when the parasympathetic nerves are tense. Thirdly comes the influence of exercise.22) Increased beat output induced by exercise adds to ventricular work and throws tense the sympathetic nerves, resulting in the increase of the P vector. Other factors involved are the anatomical locations of the heart, diaphragm, etc. Therefore, it becomes imperative that all these physiological variables should be minimized to make a detailed analysis of normal values and ranges.
In the present study, the subject was placed in the supine position at rest with normal breathing for all measurements. Moreover, those with tachycardia of over 90/min and bradycardia of lower than 60/min were eliminated beforehand. With the adoption of a statistical method we have tried to determine sex and age differences about each item of measurement , in which allowance was made for beat to beat variation23) (Fig. 6 ) within at least a cycle of respiration by summing a P wave area over 8 consecutive beats .
I. Sex differences Von der Groeben et al4) reported earlier that in analyzing the spatial P vectors aged 20-59, they found no essential differences between the 2 sexes. We also failed to find any item in which significant sex-related differences ex-Jap. Heart J. J anuary, 1977 Beat to Beat Variation of Frontal P Loops Fig. 6 . Beat-to-beat variations in the frontal P loop. The P loop labelled "averaged" indicates the resultant P loop obtained with the averaging technique from 8 successive beats, and those numbered (1) to (6) the individual P loops. isted in analyzing sex differences among all the males and females with all the age groups (20-49) put together. But, in analyzing the data obtained concerning the 17 items measured on the male and female subjects, both subsumed into the 3 age groups of 20-29, 30-39, and 40-49, we have found differences in 5 items in the first age bracket, 3 in the second, and 7 in the third. These results suggest that different diagnostic criteria will be needed for men and women.
It is to be noted here that confirmation has already been made in and outside Japan of the obvious sex differences in the QRS and T loops in Frank's system. Sotobata et al24) recognized significant sex differences in 43 items of measurement out of 64. Also, Ishikawa25) has reported that he observed sex differences in 40 items out of 44. Thus, it is noteworthy that the foregoing data suggest that the P loop is less influenced by sex than QRS and T loops.
II. Age differences Although it is considered best to conduct a longitudinal follow-up study on the same subject groups for a sufficiently long period of time in order to determine the effects of aging on electrocardiographic wave forms, because of the difficulties involved in a long-term observation, most of the conventional studies have been cross-sectional in that the results from young subjects were contrasted with those from aged ones.
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Hori1) studied the P loops by Frank's system of a young group aged 17-36, and a middle-aged and aged group, aged 40-70, and found the effects of aging on 7 parameters out of 11, all of which are included in the authors' measurements. He reported that the middle-aged and aged group, as compared with the young group, had greater horizontal and spatial maximal P vectors, which were displaced more posteriorly.
The authors have examined 3 age groups of 20's, 30's, and 40's for possible age difference of both sexes, by age between the sexes. In men, the effects of aging were observed in 5 parameters measured out of 17 and in that time, durations extended and maximal vectors were displaced posteriorly. Of the 5 items in which age difference was recognized, 4 items showed a significant difference between the groups older and younger than 40 years of age. Considering the fact that all of the subjects in the aforementioned study by Hori1) were males, our data strongly support the suggestion that the age 40 be designated as a critical one in preparing standards for normal values of the P loop in the Frank lead system. In females, changes with advancing age observed in 13 items out of 17, thus leaving only 4 parameters including frontal maximal P vectors and direction of mean polar P vectors unaffected. Of the 13 items in which change with age was observed, 2 showed a significant difference between given pairs of the 3 age groups, 5 items suggested that the age 30 be designated as critical, and 5 items the age 40. These findings suggest that the above data be taken into consideration in preparing age standards.
In conclusion, the over-all results the author et al have obtained suggest that sex and age-wise diagnostic standards should be established in conducting proper VCG diagnosis of the P loop.
